Abstract-The effect of erabutoxin (ETX) was examined on respiration of rabbits. A single dose of 15 pg/kg or 25 fig/kg of ETX did not cause respiratory paralysis, but repeated administration of 15 pg/kg of ETX at 3 hour intervals (three times) or 25 pg/kg at 4 hour intervals (twice) caused fatal respiratory paralysis. Furthermore, a single administration of 50 pg/kg of ETX caused fatal respiratory paralysis within 2 hours after the administration in all animals. This respiratory paralysis caused by ETX was reversible and of long duration (10-20 hour). This respiratory paralysis was not blocked by the administration of anticurare agents (neostigmine, edrophonium) or re spiratory stimulants (nikethamide, picrotoxin, dimorpholamine).
Erabutoxin a (ETX) is a neurotoxin isolated from the parotid glands of sea snake
Laticauda semifasciata and produces flaccid paralysis and respiratory failure in laboratory animals (1) . These effects of ETX are found to be due to curare-like action (2, 3) . We found that inhibition of twitch response of isolated rat phrenic nerve-diaphragm caused by ETX was not sufficiently blocked by anticurare agents (4) , and this neuromuscular blocking action of ETX does not always correspond with that of d-tubocurarine (d-Tc) (5, 6 ).
The present study was an attempt to demonstrate the feature of respiratory paralysis caused by ETX in rabbits and effects of anticurare agents, respiratory stimulants and artificial respiration on this respiratory paralysis were investigated.
MATERIALS AND METHODS
Experiments were performed on rabbits of both sexes weighing 2-3.5 kg, and anes thetized with urethane (1 g/kg, s.c.). Femoral arterial blood pressure was measured using an electromanometer (Nihon Kohden, MP-24T) and heart rate was measured using cardio tachometer (Nihon Kohden, RT-2) triggered by the arterial pulse pressure. Respiratory rate and amplitude were recorded from the trachea by Marey's tambour and from ab dominal movement by respiratory strain guage (Nihon Kohden, MCR-2TA). A Harvard respirator (Model 660) was used for artificial respiration. These measurements were recorded on an ink-writing recorder (Nihon Kohden, WI-260).
Drugs used were d-tubocurarine chloride (Yoshitomi), neostigmine methylsulfate (Shionogi), edrophonium chloride (Kyorin), nikethamide (Takeda), dimorpholamine (Eisai), picrotoxin (Wako), acetylcholine chloride (Daiichi) and epinephrine hydrochloride (Sankyo). ETX (erabutoxin a) was a gift from Prof. N. Tamiya (Tohoku Univ.). ETX and drugs dissolved in physiological saline were injected into the femoral vein.
RESULTS

Effects of ETX on respiration
At a dose of l 5 !!g/kg or 25 /tg/kg, ETX did not produce a cessation of respiratory move ment. ETX at 25 /,tg/kg increased respiratory movement in 4/7 experiments. At a dose of 50 ,tg/kg, ETX decreased both respiratory rate and amplitude and produced complete respiratory paralysis, in all experiments. In this dose, ETX stimulated respiration tempo rarily before the development of respiratory paralysis in 5/10 experiments. As shown in when the rate of pulmonary respiration decreased to less than 20% of that of the control were the degrees of respiratory paralysis regarded as being complete, and the onset times of `respiratory paralysis' were then determined . With larger doses, ETX produced a cessation in respiratory movement within about 2 min in 2 experiments (0.5 mg/kg) and 1 experiment
(1 mg/kg). Although respiratory movement was maintained with a single administration of 15 11g/ kg or 25 tig/kg of ETX, repeated administration of 15 rig/kg at 3 hr intervals (three times) or 25 /eg/kg at 4 hr intervals (twice) produced cessation of respiratory movement, as shown in Fig. 2 . The minimum effective dose appears to be about 50 ug/kg, i.v..
Application of artificial respiration
Artificial respiration was applied when the rate of pulmonary respiration decreased to less than 20 % of that of the control, and was temporarily interrupted for 30-40 sec to assess the recovery of spontaneous respiration.
As long as artificial respiration was carried out, heart rate and blood pressure were of nikethamide or neostigmine produced increases in respiration and interrupted temporarily the progress of `respiratory paralysis'. After the onset of `respiratory paralysis', however, these drugs did not stimulate spontaneous respiration, as shown in Fig. 4 . When the respiratory amplitude showed a tendency toward recovery (at least over 30 % of the control), the administration of neostigmine or edrophonium was an effective means of recovery in respiratory amplitude and also promoted recovery of spontaneous respiration.
Effects of ETX on blood pressure and heart rate As shown in Figs. 3 and 4 , blood pressure and heart rate were not influenced by the administration of 50 !cg/kg or 1 mg/kg of ETX. Responses of blood pressure to acetyl choline (2.5 pg/kg) or epinephrine (3 /ig/kg) injected 1 hr after `respiratory paralysis' were independent of the administration of high dose (1 mg/kg) of ETX.
After the administration of ETX, bradycardia and changes in blood pressure were evident, but these changes rapidly disappeared with application of artificial respiration. As long as application of artificial respiration was carried out, blood pressure and heart rate were maintained at the same levels as seen before the administration of ETX.
Effects of d tubocurarine on respiration
As shown in Fig. 5 These modes of action of ETX on respiration were much the same as reported by our group in isolated rat phrenic nerve-diaphragm preparations. Twitch responses of diaphragm were slowly inhibited by low doses of ETX, and these inhibitions were partially antagonized by anticurare agents. Furthermore, these actions of ETX slowly disappeared by repeated washout (4). Therefore, ETX probably combines with ACh receptors and disappearance from the site of action is slow. a-Bungarotoxin isolated from the venom of Bungarus multicinctus has been used for characterization and isolation of cholinergic receptors as it has specific and receptor binding ability similar to that seen with ETX (7).
After the administration of ETX, bradycardia and changes in blood pressure occurred slowly and there was a concomitant progressive development of respiratory paralysis, but these were reflex responses attributed to insufficient ventilation because these changes in the circulatory system were rapidly abolished by application of artificial respiration. As long as artificial respiration was carried out, heart rate and blood pressure were maintained at the same levels as seen before the administration of ETX. Lee (6) also reported that sea snake neurotoxin had no effect on cardiac muscles, therefore, ETX may be devoid of any appreciable direct effects on the circulatory system except for the secondary changes due to respiratory paralysis.
Because ETX is capable of lengthy inhibition of the respiratory movement without affecting the circulatory system, ETX should be a useful pharmacological tool for investi gating circulatory function.
